C
ARDIOVASCULAR DISEASE IS THE leading cause of death in both men and women, accounting for one-third of all deaths.
1 Although several studies have shown an improvement of prognosis in women over time, 2 overall outcomes remain worse for women compared with men, 3 providing a strong rationale for focusing on the study of sex-based differences in the outcome of acute coronary syndromes (ACS). Previous analyses of sex-based differences following ACS have reported conflicting results, even after adjustment for demographics and clinical characteristics. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] In a large systematic review comparing short-term mortality between women and men, Vaccarino et al 3 concluded that after adjustment for differences in age and baseline prognostic factors, some but not all of the excess mortality was explained.
Several studies have offered novel approaches to understanding sexbased differences following ACS.
14,18-21
A large cohort analysis from the National Registry of Myocardial Infarction demonstrated a higher risk of early death for younger but not older women.
14 A prior analysis from the Global Use of Strategies to Open Occluded Arteries in Acute Coronary Syndromes (GUSTO IIb) 22 found that women and men have outcomes that differ according to the type of ACS.
Compared with men, women had lower rates of adverse events in unstable angina, although no significant difference was observed in ST-segment elevation myocardial infarction (STEMI) or non-STEMI (NSTEMI). However, due to the limited sample size, the relationship between mortality and sex could not be evaluated in these subgroups. 22 In addition to clinical differences between women and men, many studies have noted sex-based differences in angiographic severity in ACS. 8, [21] [22] [23] [24] However, the relationships between angiographic severity in women and men across the spectrum of ACS and implications for mortality have not been fully explored.
Our study evaluated the relationships among sex, presenting clinical classification, angiographic disease burden, and 30-day mortality following ACS using a large, pooled clinical trials database spanning the full spectrum of ACS.
METHODS

Patient Population and Outcome Measures
Patients were pooled from a convenience sample of 11 independent, international, randomized ACS clinical trials between 1993 and 2006 whose databases are maintained at the Duke Clinical Research Institute, Durham, North Carolina, and who were available in existing merged data sets before our analysis (TABLE 1). The methods of each individual trial have been previously reported along with definitions for each clinical syndrome. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] For our analysis, demographic information, clinical characteristics, angiographic data, and 30-day mortality were used as recorded in the database for each clinical trial. The number of patients enrolled in each trial, type of ACS evaluated, and randomized interventions within each trial are shown in Table 1 .
Obstructive coronary disease was defined as more than 50% stenosis in the left main, proximal, or mid-distal left anterior descending, circumflex, or right coronary artery. Patients were evaluated by number of coexistent obstructive coronary arteries (0, 1, 2, or 3) involved. Race/ethnicity of each patient was noted by a check mark on the case report form selected by the investigator.
The primary end point of our study was all-cause mortality within 30 days of enrollment.
Statistical Analysis
All analyses were performed in 4 populations: all patients with ACS and 3 subgroups, which included patients with STEMI, NSTEMI, and unstable angina. Baseline characteristics are described for each group and subgroup reporting percentiles for discrete variables and medians (interquartile ranges) for continuous factors.
Multivariable logistic regression models were used to evaluate the relationship between sex and 30-day mortality, while controlling for important (patients with NSTEMI and/or unstable angina) databases. Variables that were predictive in either patient group were included in our analysis whenever possible, based on available data. These included age, heart rate, systolic blood pressure, weight, height, race, Killip class (class I indicates no evidence of heart failure by physical examination; class II, findings consistent with mild to moderate heart failure [S 3 , lung rales less than one-half way up the posterior lung fields, or jugular venous distension]; class III, overt pulmonary edema; or class IV, cardiogenic shock), age ϫ Killip class, current smoking, former smoking, history of diabetes, history of congestive heart failure, history of myocardial infarction (MI), history of coronary artery bypass graft (CABG) surgery, history of percutaneous coronary intervention, and history of hypertension. Due to extensive missing data, we were unable to consider a history of peripheral vascular disease or stroke. To ensure that these were not a source of confounding, we conducted sensitivity analyses on the patients for whom these data were available. We observed no change in the sex effect depending on whether these covariates were included. Naturally continuous variables, such as age, were analyzed as continuous variables and were not categorized or modified. The continuous variables were checked for linear association with mortality and splines were used to account for nonlinearity whenever appropriate. Due to missing data on various covariates, the fully adjusted models in the overall cohort had 115 389 patients and the cohort with angiographic data had 32 599 patients. The variables with the most missing data (Ͼ1% missing) were height, heart rate, blood pressure, and Killip class. Analysis was conducted on complete cases.
Our data consisted of multiple trials that were conducted at different times.
We conducted sensitivity analyses to account for potential differences over time or between trials. We fit the adjusted analysis in the overall cohort including trial as a categorical covariate and observed no difference in the sex effect. Similarly, we observed no difference in the sex effect when date of patient randomization was included in the model to account for time. We also fit the adjusted models, conditional on ACS category, and observed no changes in the sex effect. In these models, there were no interactions between sex and trial or sex and randomization date; therefore, we were confident in our aggregate analysis over trials.
Our primary goal was to assess the sex effect within the subgroups of ACS (STEMI, NSTEMI, or unstable angina), although we also presented results for the overall cohort. We obtained estimates of the sex effect, conditional on ACS category, from a multivariable logistic regression model using all patient data (all ACS). This was performed by including the interaction between sex and ACS (STEMI, NSTEMI, or unstable angina). To evaluate whether differences in coronary anatomy between women and men may explain any difference in mortality, we also fit models adjusted for angiographic disease severity. Thus, we obtained odds ratios (ORs) of women vs men conditional on the ACS category and both adjusted and unadjusted for disease severity. To evaluate if sex has a different association with mortality based on angiographic disease severity, interaction between sex and angiographic disease severity was assessed. We estimated the sex effect conditional on angiographic disease severity by including the interaction between sex and angiographic disease severity. This provided ORs of women vs men conditional on disease severity. This final analysis was conducted for all ACS and repeated in the subgroups of patients with STEMI, NSTEMI, and unstable angina.
Our goal was to assess the adjusted effect of sex. Unadjusted analyses have been reported previously and were included for the purpose of comparison. The unadjusted frequency of 30-day mortality is presented as well as the unadjusted ORs with 95% confidence intervals (CIs). Our primary analyses consisted of tests for a sex effect in ACS categories, tests for interaction between sex and ACS, and tests for interaction between sex and angiographic disease severity in adjusted models. We used the Bonferonni correction to adjust for multiple comparisons in our primary analyses. The Bonferonniadjusted threshold for statistical significance was PՅ .005. SAS version 8.2 (SAS Institute Inc, Cary, North Carolina) was used for all statistical analyses.
Each participating center obtained approval from its local ethics board before patient enrollment. Our analysis was performed as part of an institutional review board-approved subanalyses of the Duke Clinical Research Institute clinical trials database.
RESULTS
Patient Characteristics
Of the 136 247 patients with ACS in this analysis, 38 048 (28%) were women. There were 102 004 patients with STEMI (26% women), 14 466 with NSTEMI (29% women), and 19 777 with unstable angina (40% women). Baseline characteristics for women and men are shown in TABLE 2. Approximately, 40% of women and men were enrolled from North America (United States and Canada). Women were older and had a higher prevalence of hypertension, hyperlipidemia, diabetes, and heart failure. Men were more likely to be smokers and had a higher prevalence of prior MI and prior CABG surgery. These differences were consistent across the entire spectrum of ACS. Patients with NSTEMI or unstable angina had a higher prevalence of risk factors and previous cardiac disease than those patients with STEMI.
Angiographic Disease Severity
Among the 35 128 patients who had catheterizations (26% of the overall population), 9399 (27%) were women.
Among patients who had catheterization, 20 352 presented with STEMI (24% women), 6743 with NSTEMI (26% women), and 8033 with unstable angina (35% women). Angiographic disease severity among those patients selected for angiography differed by sex across the spectrum of ACS (FIGURE 1). Overall, women who underwent catheterization were more likely to have nonobstructive disease and less likely to have multivessel disease compared with men. The difference in nonobstructive coronary disease prevalence was most notable in the NSTEMI and unstable angina groups in which women had a 2-fold higher prevalence of nonobstructive disease than men. More than 25% of all women with unstable angina who underwent coronary angiography in these clinical trials had no obstructive coronary disease. The prevalence of singlevessel disease differed according to type of ACS; women were more likely to have single-vessel disease in STEMI; however, no difference was found with NSTEMI or unstable angina. Left main disease was more frequent among men compared with women in the overall cohort (5.9%; 95% CI, 5.6%-6.2% vs 4.7%; 95% CI, 4.3%-5.1%), STEMI (4.0%; 95% CI, 3.7%-4.3% vs 3.0%; 95% CI, 2.6%-3.5%), NSTEMI (9.0%; 95% CI, 8.2%-9.8% vs 7.3%; 95% CI, 6.0%-8.5%), and unstable angina (8.7%; 95% CI, 7.9%-9.5% vs 6.0%; 95% CI, 5.1%-6.8%) populations.
30-Day Mortality
Women had a significantly higher unadjusted 30-day mortality compared with men (OR, 1.91; 95% CI, 1.83-2.00) (FIGURE 2). After multivariable adjustment for clinical characteristics, no significant difference was observed in 30-day mortality between women and men (OR, 1.06; 95% CI, 0.99-1.15). A significant interaction existed between sex and ACS type (P Ͻ .001). Among patients with STEMI, 30-day mortality was significantly higher among women compared with men; however, it was markedly attenuated after adjustment (unadjusted OR, 2.29; 95% CI, 2.18-2.40; adjusted OR, 1.15; 95% CI, 1.06-1.24). In contrast, the unadjusted risk in NSTEMI was significantly greater in women compared with men, but after adjustment 30-day mortality was lower in women (unadjusted OR, 1.50; 95% CI, 1.28-1.75; adjusted OR, 0.77; 95% 
SEX DIFFERENCES IN MORTALITY FOLLOWING ACS
©2009 American Medical Association. All rights reserved. The relationship between angiographic disease and sex-specific mortality across the spectrum of ACS is shown in FIGURE 3. Among those patients who underwent cardiac catheterization (n = 35 128), we observed no significant interaction between sex and severity of disease on 30-day mortality (P for interaction = .70); the more severe the angiographic disease, the worse the prognosis regardless of sex (eTable, available at http://www.jama.com). When angiographic severity was included in the 30-day mortality models containing comorbidities and sex, there were no longer any statistically significant associations between sex and mortality, suggesting that in this subset of patients selected for catheterization, the mortality difference originally observed may have been related to the difference in disease severity among women and men (Figure 3) .
The relationship between sex and age as well as sex and diabetes was evaluated to assess whether a different 30-day mortality risk existed in women compared with men. Overall, no significant interaction was detected between sex and age (P =.68) or between sex and diabetes (P =.12).
COMMENT
The association between sex and mortality among patients with cardiovascular disease has been a major topic of study during the past several decades. Despite the increased attention, this relationship is poorly understood. Some studies demonstrate increased rates of mortality among women, some indicate no difference, and other studies show lower rates of mortality for women compared with men.
3-12,15,16 By pooling high-quality clinical and angiographic data from 11 clinical trials, we enhanced our ability to evaluate relationships among sex, clinical characteristics, disease presentation, coronary anatomy, and all-cause mortality following ACS. ACS indicates acute coronary syndromes; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-STEMI; CI, confidence interval. Odds ratios of women vs men (and 95% CIs) obtained through logistic regression include age, Killip class, ageϫKillip class, heart rate, systolic blood pressure, weight, height, history of congestive heart failure, history of myocardial infarction, history of coronary artery bypass graft surgery, history of diabetes, history of percutaneous coronary intervention, history of hypertension, current smoking status, and former smoking status, along with type of ACS. Unadjusted and adjusted STEMI, NSTEMI, and unstable angina include ACSϫsex interaction to obtain the sex effect conditional on ACS categories. Adjusted STEMI and adjusted unstable angina were statistically significant in overall 30-day mortality between women and men under the Bonferroni-adjusted significance level of P=.005 (=.05/10).
In the resulting large patient population, 30-day mortality was higher for women than men; however, much of this difference was attenuated following adjustment for baseline differences between women and men at the time of presentation. In addition to those clinical parameters included in the adjusted model, differences in a number of variables were identified that could affect the relationship between mortality and sex. These included additional comorbidities, disease presentation, and coronary anatomy.
Consistent with previous findings, 3,22,38,39 we found that women as a group were older with more comorbidities than men, including hypertension, hyperlipidemia, diabetes, and heart failure. In contrast, men were more likely to be smokers and to have a history of MI or CABG surgery. Furthermore, these differences in risk burden were present and similar across all forms of ACS. In particular, the median age of women was similar across the 3 major categories of ACS, although differences between men and women were less in unstable angina than in STEMI.
The reduction in the magnitude of differences in outcomes after multivariable adjustment is consistent with older age and worse baseline risk factors for women than men. In unadjusted analyses, we found almost a 2-fold increased risk for 30-day mortality in women compared with men (OR, 1.91; 95% CI, 1.83-2.00). A subset of covariates (age, smoking, hypertension, heart rate, and height) had the largest effect in attenuating the crude association. When we fit an adjusted model with only these covariates, we get similar results to the fully adjusted model (OR, 1.05; 95% CI, 0.98-1.13). This suggests that the crude differences in mortality are largely explained by these differences at presentation. Previous analyses demonstrated that certain risk factors, such as age and diabetes, confer a different mortality risk in women compared with men.
13,14,18-20, 40 Data from US National Registry of Myocardial Infarction found an increased short-term mortality risk for young women compared with young men, with no mortality difference in the older population. 14 However, in our analysis, no significant interaction was detected between sex and age (P=.68) in the overall population. Other studies have found that diabetes is associated with a greater mortality risk among women than men.
18,19 However, in our study, the differences in mortality between patients with and without diabetes were similar for women and men across the spectrum of ACS, and no significant interaction was detected between sex and diabetes (P = .12). It is plausible that once coronary disease is manifested the influence of various risk factors is similar among men and women. Alternatively, differences in inclusion criteria, study design, or end points analyzed may partially explain the differences between studies.
Perhaps the most striking findings in our analyses relate to the examination of mortality according to type of ACS. We found a significant interaction between sex and type of ACS (PϽ.001), such that 30-day mortality risk among women was modestly higher than men only for those patients presenting with STEMI. In patients with NSTEMI and unstable angina, women had a lower adjusted 30-day mortality risk than men. In fact, the strongest finding after full adjustment was lower risk among women with unstable angina. These results are in part consistent with prior studies that noted decreased risk of adverse events following unstable angina among women vs men. 4, 22 In our study, we extended these findings to evaluate the relationship between type of MI and mortality by sex, demonstrating that women with STEMI have modestly higher mortality than men with STEMI. The effect of adjustment in NSTEMI resulted in a qualitative difference in the association, going from excess risk to a trend toward lower risk. Thus, there is a gradient of differential risk between the sexes in relationship to clinical syndrome. Although many sex-specific studies lump all patients with ACS together and we present these data for purposes of comparability, our study indicates that STEMI, NSTEMI, and unstable angina should not be combined, but evaluated separately. ACS indicates acute coronary syndromes; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-STEMI; CI, confidence interval. Odds ratios of women vs men (and 95% CIs) obtained through logistic regression include age, Killip class, ageϫKillip class, heart rate, systolic blood pressure, weight, height, history of congestive heart failure, history of myocardial infarction, history of coronary artery bypass graft surgery, history of diabetes, history of percutaneous coronary intervention, history of hypertension, current smoking status, and former smoking status, along with type of ACS and angiographic disease severity. Unadjusted and adjusted STEMI, NSTEMI, and unstable angina include ACSϫsex interaction to obtain the sex effect conditional on ACS categories. There was no significant differences in overall 30-day mortality between women and men under the Bonferroni-adjusted significance level of P=.005 (=.05/10).
One of the key features of our study was the availability of angiographic data. Women and men who present with ACS have sex-based differences in angiographic disease burden. The relationship between burden of disease and mortality is complex with some studies suggesting worse outcomes in singlevessel coronary disease, perhaps due to less collateral circulation and myocardial preconditioning. [41] [42] [43] [44] [45] However, the relationship between overall burden of coronary disease and mortality is well established. 46 Similar to previous studies,
8,21-24 we observed lower rates of clinically significant coronary stenosis in women compared with men. This finding was consistent across the spectrum of ACS. The apparently paradoxical worse prognosis of women in STEMI, yet better prognosis in unstable angina, may represent the complex spectrum of this disease.
Regardless of ACS type, there were no significant differences in 30-day mortality for women and men, after adjusting for clinical covariates and angiographic disease severity and accounting for multiple comparisons (Figure 3 ). Although sex-based difference in outcome may not be completely explained by women's lesser burden of angiographic disease, coronary anatomy may partially explain the difference in mortality in those patients with unstable angina, as the adjusted OR for the sex effect was attenuated after the inclusion of angiographic disease severity. Furthermore, our study was unable to detect a significant interaction between sex and angiographic disease severity with respect to 30-day mortality, suggesting a similar effect of anatomy on mortality between women and men.
Several potential explanations for sex-related differences in mortality following ACS are offered. Consistent with prior studies and clinical experience, our results indicate that women and men who present with ACS are a heterogeneous group. Studies of lowrisk patients have consistently found either no significant difference in the mortality rate between women and men or a lower rate among women. 4, 5, 12, 47 In contrast, studies of women at higher risk note similar or increased risk compared with men. 6,9,16 We compared 30-day mortality stratified by type of ACS, a design that enabled us to more precisely define the risk in each clinical population independently; therefore, to more appropriately determine the outcome by category of risk. Although our data set cannot address a possible contribution from differential effectiveness or safety of therapies, our findings indicate that careful attention to clinical syndrome, clinical characteristics, and coronary anatomy are essential to ascertaining and understanding sex-related differences.
The modest differences in risk after adjustment argue against differences in pathophysiology of ACS by sex. However, there may be subtle differences according to type of ACS and by sex. Whereas STEMI is more likely to be caused by acute plaque rupture, NSTEMI and unstable angina often originate from a moderate coronary stenosis. 48, 49 It is possible that intrinsic differences in angiogenesis and collateralization between women and men 22,42 play a role, such that a sudden coronary occlusion puts women at greater risk in the setting of STEMI creating more transmural infarctions associated with higher complications. Conversely, in syndromes like NSTEMI and unstable angina without epicardial occlusion, women's lesser angiographic disease burden is associated with a better prognosis. Sex-based differences in the culprit lesion of acute MI also exist. [50] [51] [52] Plaque rupture is more common in men; however, plaque erosion is more common in women. 50 These basic mechanistic differences may in part explain some of the sex-based differences in outcomes following ACS. Unfortunately, ante mortem data such as ours cannot address the differences in anatomic substrate determined postmortem as described above; however, there was no interaction between angiographic disease burden and sex with regard to risk found in our cohort.
Strengths and Limitations
The use of a pooled clinical trials database has several advantages. 53, 54 First, pooling from several studies allowed the analysis of a very large sample size and secondarily the exploration of coronary angiography findings in a large number of patients. The uniform inclusion and exclusion criteria used for enrollment of both sexes helped to ensure that no systematic biases occurred in diagnosis or sampling between men and women. Similarly, although care in clinical trials may differ from that in the community and may not be generalizable to all men and women presenting with ACS, it is possible that care within a clinical trial setting may be more uniform and therefore more reflective of underlying differences in pathophysiology. Finally, by using patients enrolled in a clinical trial, all data points were collected independently and carefully monitored.
Our study has some limitations. As an observational study, residual confounding or selection bias cannot be completely excluded as an alternative explanation of our findings, even after adjusting for a wide range of patient characteristics. The database merged several clinical trials and intertrial variability in care may exist that could have influenced results in the pooled patient population. However, only those trials that included both men and women in their study populations were pooled and adjustment for trial did not change the observed differences in mortality between women and men. Similarly, although the data in our trials were accrued over decades, during which diagnostic standards (eg, use of troponins), use of procedures and adjunctive therapies, and guidelines adherence all evolved, any relevant changes are likely to have had similar effect on both men and women in each trial. Furthermore, there was no interaction between sex and trial that would have been expected if such temporal changes influenced the results. Additionally, because all patients in our analysis were part of a clinical trial for ACS, we were unable to address the possibility of a differential attrition rate in the prehospital phase by sex. Because catheterization was not mandated as part of the trials' protocols, patient selection may have introduced potential referral bias and survival bias, and therefore should be interpreted with caution. Some variables of interest (eg, creatinine clearance) were not available in all trials and, therefore, the relationship between sex and mortality was not explored. Nevertheless, the final adjusted model had a C index of 0.81, indicating excellent discriminatory ability for 30-day mortality. Finally, this was an observational study with complex interactions; therefore, even a large database may not be definitive without replication.
Conclusions
Our study suggests a better understanding of the observed sex-based differences. Sex-based differences exist in 30-day mortality among patients with ACS and vary depending on clinical presentation. However, these differences are markedly attenuated following adjustment for clinical differences and angiographic data. The attenuation in the difference in mortality suggests that much of the crude differences are explained by these factors. This study further highlights the clinical and angiographic differences among men and women at presentation with ACS. Understanding and considering these differences may lead to better risk stratification and treatment of all patients with ACS.
